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W ITH the continuing degradation of namral resource 
base, adverse climate change effects 
on crop production and increasing 
crop cultivation cost, there is growing 
awa reness of the s ig nifi ca nt role , 
pearl millet can play in addressing the 
national food security. Further, with 
the increasi ng incidence o f various 
li fe style diseases and emphasis on 
food-based solutions, there is a re-
appra isa l o f its nu triti ve value 
contributing to nutriti onal security. 
Co nsidering the relatively limited 
investments both from public and 
private sector in pearl millet 
improvement in India, and negligible 
s trategic resea rch informatio n 
generated elsewhere) it is pnldent to 
rationalize research priorities in terms 
of target environments, germplasm to 
be used, plant traits to be improved, 
and cultivar types to be developed, all 
o f w hich co ntribute to e nhanced 
breeding efficiency and improved 
cultivar development. 
Cultivar options 
Highly cross-polLinated nature of 
reprod uction and ava il ab ility of 
commercially viable cytoplasmic -
nuclear male sterility (CMS) system 
provides for open- pollinated varieties 
OPVs) and hybrids as the two broad 
cuJ.rivar options in pearl millet. Since 
the advent of pearl millet grain 
h,-brids in India in mid 1960s, there 
had been relat ively less effo rt in 
breeding OPVs until 1970s when the 
I nternational Crops Resea rch 
Inst itute for the Semi-Arid Tropics 
(ICRlSAT) developed a strong OPV 
development programme as a part of 
population improvement. WC-C75, 
the first ICRISAT-bred OPV, was 
released in 1982 and it was widely 
culti vated for about 12 years. 
Encouraged with the success of WC-
C75 , ICRISAT and its partners 
several OPVs were in developed 
subsequent years. During this period, 
however, it was also shown that the 
best hybrids had about 30% grain 
yield advantage over the best O PVs. 
Further, the rapidly developing 
private seed sector had little interest 
in OPVs. It was also observed that 
farmers had strong preference fo r 
culti vars wi th high phenotypic 
unifo rmity, which was only possible 
in single-cross hybrids. Therefore, for 
the last two decades there has been 
almost total shift towards breeding 
single-cross hybrids. 
Germplasm utilization 
Prior to the estab li shment of 
ICIUSAT, pearl millet improvement 
in India was based largely on 
indigenous germplasm witl1 limited 
genetic variability. Progenies derived 
from the improved composites and 
OPVs were also used at ICIUSAT in 
pedigree breeding for development 
and dissemination of elite breeding 
lines and hybrid parents . These 
efforts made significant contributions 
to diversifying the genetic base of 
both publi c and private secto r 
breeding programmes, leading to 
sustained progress in produ ctivity 
and production. 
While selecting a germ plasm for 
use in crosses, the big question has 
always been whether it shou ld be 
used for crossing with B-bnes or R-
lines . Research carried out in Western 
Mrica in early 1980s had shown that 
iniadi x non-iniadi popu lation 
crosses w ere most hetero tic. T hus, 
there has been a greater use of 
iniadigermplasm in crosses with B-
lines and seed parents development, 
and greater us e of non-iniadi 
germplasm in R-lincs development at 
ICRISAT. Elite breeding lines 
derived from these crosses have been 
widely disseminated to public and 
private sector breeding programmes, 
and have, respectively, been used in 
their B-line and R-line crosses. This 
has enabled to maintain adequate 
diversity between B-group and R-
group materials at ICRlSAT as well 
as in other breeding programmes in 
India. 
Geographical focus 
Pearl millet area in India is divided 
into three zones : Ai zone of north-
western India rcceiving < 400 mm of 
Pearl millet (penniserum glaucum (L) R. Br.) is a hardy, dry land cereal, la'lJely grmvn in the 
arid and semi-arid tropical. regions of Asia and Africa. India is the la'lJest producer of this crop, 
both in terms of area (9 million ha) and production (10 million tonne). Until very recently, pearl 
millet, classified as a coarse grain, had been perceived as a poor man's crop of low productivity and 
thus relegated low on the national food security agenda. 
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ann ual rainfall , and A zone of 
northern and central India with sandy 
loam soils and B zone of peninsular 
India with heavy soils receiving >400 
mm of annual rainfall. Most of the 
breeding materi als ge nerated at 
ICRISAT as well as in the public and 
private sector programmes have been 
of medium and mid-late maturity 
(80-90 days ) which are quite 
appropriate for A and B zones. Most 
of the stronger public sector breeding 
programes and the e ntire private 
sector progranunes are also based in 
A and B zones. These large numbers 
of players enabled large num ber of 
field tr ial s, and q uality data on 
account of mo re predictable and 
re latively less heterogeneou s 
enviromnental and edaphic factors. 
Thus, the geographical focus of pearl 
millet improvement program in India 
has been on A and B zones rather 
than on Al zone even though pearl 
millet is the most important cereal in 
A 1 zone. Such a geographical focus 
of research has been criticall y 
important for ach ieving the 
significant progress in pearl millet 
improvement in India, although it is 
recognized that im proved research 
infrastructure and policy support can 
resu lt in greater breeding progress 
and impact than achieved so far in 
the A 1 zone. 
Target-traits 
Development of hi gh-y ielding 
hybrids has been poss ible through 
genetic manipulations of yield 
components in the medium, rnid-Iate 
and late maturity g roups. These 
components include grain size and 
grain number/ unit area, the latter 
determined by number of productive 
tillers, panicle s ize and panicl e 
compactness. Thus, there has been a 
gradual shi ft tOwa rds breeding 
hybrids with larger grain and panicle 
size, and greater panicle compactness 
even at the cost, to some extent, of 
t ill ering ability. Besides the yi eld 
potential, there are several biotic and 
abiotic stress factors that determine 
the yield of a culti vaL Foremost 
among the biotic stresses continues 
to be downy mildew (DM) caused bv 
Sclerospora graminicola (Sacc) Schroet. 
Relatively s im ple inheritance , 
development of efficient field and 
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greenhouse screening techniques for 
large sca le applications, and 
avai lability of di verse sources of 
resistance have enabled breed ing 
hybrids that are resistant to diverse 
pathotypes of DM. T hi s has 
prevented any reCllrrence of DM 
epidemics witnessed during 1960s-
1980s. Recently, /eaf blast caused by 
Pyricularia grisea ( teleomorph; 
Magnaporthe grisea) has emerged as 
se riou s as or even more se ri o us 
problem than DM. Pathogenic 
variabil ity for blast has been assessed 
and large-scale effective field and 
g ree nho use techniqu es have been 
developed. Blast resistance sources 
have been identified and these are 
being used in breeding. Apart from 
this, smut (Tolypospariu", penicillariae 
bref.), ergot (Clalliceps fusiformis, 
Loveless) and rust (Pltccinia fusiformis 
var. indica) are otl,er diseases of pearl 
millet. While ergot and smut occur 
sporadically and occas ionally and 
hence are of minor importance, rust 
incidence and its seve rity have 
inc reased over time . S imple field 
eva lu ation under natural field 
condition in peninsular India during 
\Vi nter season ha s been found 
effective to screen for rUSt resistance. 
Greenhouse techniques have also 
been developed at ICRISAT and rust 
resistance sourc es have been 
identified. Bur targeted breeding for 
rust resistance is yet to start, which 
will be a second priority after DM 
and blast. 
As far as abiotic prod uction 
constraints are concerned, terminal 
drought has been shown to have 
devastating effect on grain yield. 
However, unpredictable duration, 
intensity and frequency of drought; 
lack of repeatable and reliable field 
screening technique; non-avai.lability 
of confirmed and stable drought 
tolerant sources; and complex nature 
of genetics of this trait have been 
m ajor barriers to und erta king 
targeted drought tolerance breeding 
in pearl millet. Pearl millet is 
increasingly being culti va ted as a 
summer-season c rop during 
February-May in parts of Guja rat, 
Ibjasthan and Uttar Pradesh on more 
t1,an 500,000 ha where maximwn air 
A high-yielding experimental forage hybrid 
of pearl millet (leMA 00999 x IP 20485) 
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Table 1 Some of the promising pearl millet hybrids under cultivation and seed production 
in India. 
Zone/Environment Breeding sector Hybrids 
A 1 (rainy) Public 
Private 
HHB 67 improved, GHB 538, RHB 177, HHB 234 
Bio70,Tejas 
A (rainy) Public HHB 197, HHB123 ,MPMH 17,GHB 5SB, GHB 
905, RHB 173, 
Private 
B (rainy) Public 
Proagro 9444, Proagro 9444 Gold, 86 M 86, 86 M 
88, Kaveri Super Boss, MP7792, Bio 8494, Nandi 5, 
Nandi 65, Big B, Guha, KBH 108, JKBH 676, Bio 70 
CO 9, GHB 558 
Private 86M33, Mahyco 204, Kaveri Super Boss, MP 7872, 
Pratap, Proagro XL5 1, Ajeet 38, GK 1051, Tilak, 
Mahodaya 318 
Summer Public GHB 526 
Private 86M11 , 86M74, Proagro 9444, Proagro 9444 
Gold, MP 7883, MP 7899, Nandi 5, Sagar 222 
temperarures during flowering period 
e.xceed 42°C, leading to poor seed set 
and low grain yield in most of the 
hybrids. However, few hybrids with 
exceUent seed set have been under 
cultivation which give 4-5 t/ ha of 
grain yield and 8-10 tlha dry fodder. 
Breeding for heat tolerance at 
ICRISAT and at some of the private 
sector research centres has bee n 
initiated, and several lines with high 
levels of heat tolerance have been 
identified. 
Micronutrient malnutrition 
arising from iron (Fe) and zinc (Zn) 
deficiencies has been recognized as 
se riou s public health problem 
worldwide, with India being among 
those most affected. A decade of 
biofortification research at ICRISAT 
with funding support from 
HarvestPlus Cha llenge Program of 
the CGIAR has deve loped and 
standardised a rapid, cost-effective 
and reliable X-ray F luorescence 
Spectroscopy (XRF) technique that 
faci litates screening o f a large 
nu mber of breeding lines. Also, 
sources of high Fe and Zn contents 
have been identified and are being 
used at ICRISAT in breecling for Fe 
content as a target trait with Zn 
co nte nt being improved as an 
associated trait. Some of the leading 
progra mmes in public and private 
sectors are als o increas in g their 
dforrs in breeding for these 
micronutrients. 
CMS diversification 
lines are maintainers of this CMS 
syste m , scope for genetic 
cliversification for A-lines gets pretty 
restricted. Further, most of the A1-
system commercial A-lines produce 
varying, albeit low, frequenc y of 
pollen shedders, depending on their 
genetic backgrounds and the 
enVIronments. CMS sources 
identified at various centres were 
systematically studi ed at ICRISAT 
and twO of these designated as A. 
and As were found to have more 
stable male sterility than the Al CMS 
system. Also, abour 40% of the 
breeding lines were found to be 
maintainers of the A. CMS system, 
o f-I ----110.2 
and >99% of the breccling lines were 
found to be maintainers of the As 
CMS system, thus providing much 
greater opportunity for genetic 
diversification of A-lines and high-
yielding hybrid development. 
ICRISAT pioneered the utilization of 
these two alternative CMS systems, 
and developed and clisseminated 71 
A-lines with A. cytoplasm and 18 A-
lines with As cytoplasm till 2013. 
Development and dissemination of 
their restorers is underway. There is 
also now greater appreciation by 
other public and pri vate sector 
breeding programmes of the greater 
utility of these two CMS systems, 
who have started breeding their 0\'\/11 
A-lines and restorers. 
Cultivar adoption and impact 
In the first phase of the hybrid era 
(1966-1980), few hybrids were 
available. BJ 104 and BK 560 were 
the most widely cultivated hybrids. 
Due to narrow genetic base, both 
became susceptible to DM. Released 
in 1982, a highly DM resistant OPV 
(WC-C75) that had 99% of the grain 
yield and 20% more dry fodder yield 
than BT 104, rapidly replaced BT 104 
and, to a larger extent, BK 560. The 
all, India cultivation of this variety 
B lines 
The A, CMS system has been In 
me: fur A-line breeding for more than 
ill-century in India. Since only 
........ t 20% of the random breeding 
Note: "8" represents 98 8 lines and "Rn represents 1115 R lines 
Clustering pattern of B-lines and R-lines of pearl millet based on molecular markers . 
Source: Nepolean et al. (2012) 
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lasted abour 12 years and it was 
cuJonted on 0.6-1. 2 milli on ha. 
Breakdown of DM resistance of a 
large-seeded and ea rly-maturing 
hybrid MBH 110, which was widely 
cultivated in Maharashtra in 1980s, 
pa\'ed the way for release and rapid 
adoprion of a large-seeded , early-
maturing and DM resistant OPV 
ICIP 8203) in 1988. ICTP 8203 
was adopted on 0.8 million ha in 
Maha rashtra ar the peak of its 
adoption in mid 1990s.This variety 
still contin ues to be under 
cultivation. N ow an improved 
\'ersion of ICIP 8203, designated as 
'Dhanashakti', which has higher grain 
and fodder yield, and higher Fe 
content than ICTP 8203, _is tapidly 
replac ing the ICTP 8203. Other 
OPVs under cultivation are ICMV 
221and Pus a composite 612 
recommended for B wne; and JBV 2 
and Pus a composIte 383 
recommended for W ronc. Some of 
the OPVs adapted to specific states 
are: PCB 164 (Punjab), H C-20 
(H aryana), CoCu 9 (Tamil Nadu) 
and ABPC4-3 (Maharashtra). All 
these OPVs put tOgether are 
cultivated on < 500,000 ha. 
Hybrids are the farmer-preferred 
cultivars in India owing to their grain 
\'ield advantage and phenotypic 
unifo rm ity compared to OPVs. 
Although there has been a gradual 
decline in cultivated pearl millet area 
since early 1970s, there has been a 
gradual increase in production since 
mid-1990s, principally due to 
development and adoption of higher-
yielding hybrids and consequently 
higher productivity. H ybrids are 
cultivated on more than 4.5 million 
ha. It is estimated that at prese nt 
more than 120 hybrids (by name), 
mostly from private sector, are wlder 
cultivation) with the area covered by 
them dependent on their yielding 
ability, specific adaptation, seed cost, 
and marketing strategies of seed 
companies. This remarkable genetic 
diversification o f on-farm hybrid 
cultivar base has contributed not only 
to higher producti vity bur also to 
stability of production. The 
productivity improvement has 
especially been remarkable during the 
last 15 years when pearl millet yield. 
improved at the rate of 20 kg/ ha/ 
year (7% per year). 
A comparison of average grain 
yield increase in 2006-2010 over the 
base level of 1986-1990 has shown 
that pearl millet yield increased by 
73%, which was higher than that of 
maize (55%) and much higher than 
those for sorghum) rice and wheat 
(about 30%). Pearl millet area has 
steadily declined in relatively better-
endowment environmentS of Punjab, 
Haryana, Unar Pradesh, Maharashtra 
and Gujarat, but not so in the ar id 
and low productivity environments of 
north-western India. In other words, 
the relative proportion of the Al 
zone area compared to the combined 
area under A and B zone has 
increased over time. Yet there has 
been thi s remarkable increase in 
average productivity. A large number 
of productive hybrids are available for 
cultivation. Some of the mos t 
popular hybrids under cultivation and 
Attention Readers 
seed production are given in Table l. 
Clearly there are vety few options for 
AI -zone where only six hybrids are 
under culti vation , with HHB 67 
improved being mOst popular. Four 
of these six hybrids are from public 
secto r. While in A-zone there are 
several hybrids from the public 
sector, in B-zone as welJ as in the 
summer season most of the hybrids 
are from private sector. Thus, there is 
an obvious need to increase resources 
allocation, both from public and 
private sector, to breed hybrids for 
AI -zone; and from public sector for 
B- zone and summer season hybrid 
development. The highest priority, 
however, must continue for A and B 
w nes. 
SUMMARY 
[CRISAT collected, introduced 
and assembled a large number of 
germ plasm from various sources 
worldwide, and most significantly 
from western and central Africa (the 
primary center of diversity). It also 
developed a large number of trait-
specific composites, and improved 
these by recurrent selection. These 
improved composites and OPVs as 
well as progenies derived from them 
were widely distributed to public and 
private sectors for utilization in their 
breeding programmes. 
'Principal Scientist and Director, Harvest Plus-
India Biofortification ICRISAT, 2Sen ior 
Scientist , 3Scientist, ~ Project Coordinator-
AICMIP 
The ICAR brings out a number of publications on Agriculture, Animal Husbandry, Horticulture, Fisheries and 
its allied subjects. To project its publ ications among students, research scholars, extension workers, scientists 
and faculty members, the Business Unit of the Directorate of Knowledge Management in Agriculture (DKMA) 
of the ICAR arranges Book Exhibitions in the campuses of the Agricultural Universities. 
" you want to hold a Book Exhibition, you may send your request through your Department Head/Dean to 
the Business Manager of the ICAR, preferably 1 month in advance, so that a good Book Exhibition could 
be arranged in time. The students can avail a handsome discount on the ICAR publications including journals. 
22 
For further details, contact: 
Business Manager 
Directorate of Knowledge Management in Agriculture 
Krishi Anusandhan Bhavan-I , Pusa, New Delhi 110 012 
Tele-Fax: 091 -011-25843657; E-mail: bmicar@icar.org. in 
Indian Farming 
July 2015 
& 
